ABSTRACT Sticky ovitraps (patent pending) were used to sample female Aedes aegypti (L.) weekly in a focus of dengue activity in Cairns, Queensland, Australia. In February 2003, transmission of dengue virus serotype 2 began in the suburb of Parramatta Park, peaking in mid-March 2003. This suburb features many older, unscreened houses with high populations of Ae. aegypti. Highest densities (2Ð3.5 females per trap per week) were obtained during peak dengue transmission (January and February) before mosquito control was initiated. Beginning in late March, female Ae. aegypti collected in sticky ovitraps were tested for dengue viral RNA by using a TaqMan reverse transcription-polymerase chain reaction assay. Dengue viral RNA was detected in six pools of Ae. aegypti collected in late March. The highest minimum infection rate was 116/1000 mosquitoes. After the initiation of larval control (containers treated with S-methoprene or lambda-cyhalothrin) and adult control (interior harborage sites sprayed with lambda-cyhalothrin) in early March, trap collections dropped to Ͻ0.5 per trap per week, and no virus was detected in trapped mosquitoes. Human cases subsequently dropped from a high of seven cases per day in mid-March to only sporadic cases in late April, with the Þnal reported onset of 7 May. Sticky ovitraps have potential as a monitoring device for gravid Ae. aegypti and can be used to assess control efÞcacy and dengue virus activity. A sticky ovitrap index (mean number of female Ae. Aegypti per trap per week) could be useful in gauging the risk of dengue transmission.
NORTH QUEENSLAND HAS experienced an increasing number of dengue outbreaks since 1990. Dengue is not known to be endemic in north Queensland, and only the region north of Mackay seems to have sufÞcient populations of Aedes aegypti (L.) to support dengue transmission. After the opening of the Cairns International Airport in the mid-1980s, the number of international arrivals to Cairns has increased, averaging just over 500,000 per year since the mid-1990s. Some of these arrivals have come from areas with active dengue transmission, and many have arrived in Cairns while viremic. Thus, dengue viruses are frequently introduced into north Queensland via viraemic travelers. Malcolm et al. (1999) and Mackenzie et al. (2002) identiÞed Papua New Guinea (PNG) and southeast Asia as the primary sources of imported dengue cases into north Queensland. Imported dengue has resulted in 15 outbreaks (conÞrmed local transmission) since 1990, including four large outbreaks in 1992Ð1993, 1996 Ð1997, 1997Ð1999 and the current outbreak of dengue serotype 2 that started in February 2003. Indeed, the frequency of such outbreaks has risen, with two, Þve, and eight outbreaks from 1990 to 1994, 1995 to 1999, and 2000 to 2003, respectively . Furthermore, outbreaks since 1998 have involved all four dengue serotypes .
Despite the increasing occurrence of dengue transmission in north Queensland, control efforts have been generally successful. Since the advent of the Dengue Action Response Team, which conducts larval and adult control (treatment of Ae. aegypti harborage sites inside premises by using synthetic pyrethroid insecticides), the mean number of conÞrmed dengue cases per outbreak has declined from 180 in 1995Ð1999 to 17 in 2000 Ð2002 . However, the late notiÞcation of an imported case of dengue (from PNG) to the Tropical Public Health Unit (TPHU) led to indigenous transmission of dengue two in Cairns in February 2003. Dengue transmission was especially intense in the older suburb of Parramatta Park, where old, unscreened houses are especially accessible by Ae. aegypti.
Coincidental to the initiation of the outbreak, and before the TPHU was aware of dengue activity in the area, trials using sticky ovitraps were being conducted in Parramatta Park. This trap is as sensitive as a standard ovitrap in detecting primarily gravid Ae. aegypti, with the added beneÞt of collecting gravid female mosquitoes that can be used for virus detection (Bangs et al. 2001 ). In the current study, we report on sticky ovitrap collections of female Ae. aegypti preceding the outbreak, during peak dengue transmission and after vector control was implemented.
Materials and Methods
Dengue control in the area consisted of larval and adult mosquito control in a locality with active dengue transmission and was initiated on 6 March 2003. Larval control involved treating water-holding containers with aerosol surface spray containing lambda-cyhalothrin (LC) or with S-methoprene pellets . Roof gutters, rare but proliÞc breeding sites of Ae. aegypti in north Queensland (Montgomery et al. 2002) , were treated by throwing S-methoprene pellets (Ϸ1 pellet per meter) directly into gutters or onto sloped roofs so that the pellets rolled into guttering. Adulticiding consisted of spraying Ae. aegypti harborage areas inside (e.g., in wardrobes, under beds and tables, in dark corners, in laundry areas) (Reiter and Gubler 1997) and under premises by using LC (Demand 25 g/liter [AI]) at 16 ml/liter by using a pump sprayer to avoid drift. These methods have previously proven successful in controlling dengue in north Queensland (Hanna et al. 2001 .
Sticky ovitraps (patent pending) were set in yards of arbitrarily selected premises in Parramatta Park (0.49-km 2 area). Premise selection was based upon permission to set the trap and to enter the yard to collect traps when residents were absent. The sticky ovitrap consisted of a 1.2-liter black plastic "golf divot" bucket containing 500 ml of 33% hay infusion and 0.5 g of alfalfa pellets as ovipositional attractants (Ritchie 2001) . Two pellets of Smethoprene were added to the water to prevent maturation of any mosquito larvae . Two 15.0 by 5.5-cm strips, cut from overhead transparency plastic, were covered with a thin coating of a proprietary adhesive (UVR-32, Atlantic Paste and Glue Co, Brooklyn, NY). Each adhesive strip was fastened to opposite inner wall of the bucket with a 50-mm paper clip. Each trap was placed next to a premise and under an overhanging roof to protect it from rain. Traps were set for 1 wk and the adhesive strips examined for adult mosquitoes that were identiÞed with the aid of a 10ϫ hand lens.
Beginning with sticky ovitrap collections from traps set on 18 March, adult female Ae. aegypti were pooled (pool size Ϸ5) and processed for dengue viral RNA. Female mosquitoes were removed using Þne forceps that had been dipped in mineral (parafÞn) oil to prevent mosquitoes adhering to the forceps; forceps were wiped clean with a paper towel between each pool. Dengue viral RNA was detected using rapid, ßuoro-genic reverse transcription-polymerase chain reaction (RT-PCR) (TaqMan) that identiÞes all four dengue serotypes (Warrilow et al. 2002) . Brießy, mosquito pools were prepared for RT-PCR as follows: Þve glass beads and 1 ml of Opti-MEM reduced serum medium (Invitrogen, Carlsbad, CA) were added to each pool vial. Pools were homogenized using a mixer/mill (Certiprep, Spex Inc., Metuchen, NJ) for 1 min, followed by centrifugation at 8,000 rpm (6,000 ϫ g) for 2 min. Viral genomic RNA was extracted from a 140-l aliquot of the supernatant by using the QIAamp Viral RNA kit (QIAGEN, Clifton Hill, Australia), and 5 l of extracted RNA was used in the TaqMan RT-PCR. Positive samples were typed using a modiÞcation of a nested RT-PCR (Lanciotti et al. 1992) . Minimum infection rates (MIRs) per 1000 mosquitoes were determined using the formula of Chiang and Reeves (1962) .
Results and Discussion
Local transmission of dengue in Parramatta Park began 18 d after the onset of symptoms in the imported case (21 January). However, the TPHU was not notiÞed of dengue activity in Parramatta Park until 5 March and initiated mosquito control measures the next day. Intense transmission began in Parramatta Park in late February, peaking at seven conÞrmed cases per day (by date of onset of symptoms) on 14 March. Dengue notiÞcations from Parramatta Park then dropped steadily to less than one case per day by mid-April. The onset of the last reported dengue case from Parramatta Park was 7 May.
Sticky ovitraps (n ϭ 286) set from 21 January to 8 May collected a total of 222 female Ae. aegypti in Parramatta Park. Ovitrap collections were highest during the advent of dengue transmission in late January to early March (Fig. 1) when dengue transmission also peaked. A maximum of 17 female Ae. aegypti was collected in a sticky ovitrap set in February. Despite initiation of dengue control on 6 March, the mean number of female Ae. aegypti collected by sticky ovitraps remained high until the last week of March, when they dropped considerably (Fig. 1) . The delay in the reduction of mosquito density reßects slow progress of the vector control program due to the labor-intensive nature of interior spraying. Nonetheless, conÞrmed dengue notiÞcations had dropped from seven cases per day on 14 March to four cases per day by 1 April in Parramatta Park.
Dengue viral RNA was detected in six pools of female Ae. aegypti collected from sticky ovitraps (Table 1). This is the Þrst reported study where dengue virus has been detected in mosquitoes collected with a sticky trap in the Þeld, and the Þrst published detection of dengue virus in Þeld-collected mosquitoes in Australia. Dengue 2 viral RNA was detected in two pools, whereas the serotype could not be conÞrmed in the other four dengue-positive pools, most likely due to the lower sensitivity of the nested RT-PCR. The unspeciÞed dengue virus was probably dengue 2, because 141 cases of dengue 2 were conÞrmed in Parramatta Park. The majority of dengue-positive pools (Þve-sixths) were from the initial trap collections that were tested for dengue RNA from 18 to 25 March (MIR ϭ 87/1000 mosquitoes). The MIR for all collections (11 pools from 55 mosquitoes) in an area of highest dengue activity was 116/1000. We suspect that the MIR during peak transmission in early March, and before the start of vector control, was even higher. By the last week of March, Ae. aegypti collections declined, with only one dengue-positive pool obtained (MIR ϭ 19/1000 mosquitoes). For the next 6 wk, female Ae. aegypti collections remained less than one (Fig. 1) , and no dengue virus was detected.
This study suggests that sticky ovitrap collections and virus detection reßect the level of dengue transmission in Parramatta Park in late March through April. Considering an average incubation period of 5Ð7 d for dengue virus in humans (George and Lum 1997) and with the highest number of case onsets on 14 March, dengue transmission likely peaked on 7Ð9 March. Thus, vector control that began on 6 March had an almost immediate impact on dengue transmission in Parramatta Park. Furthermore, gravid Ae. aegypti collections remained low (Ͻ1 female per trap per week) from the end of March.
We have demonstrated that the sticky ovitrap is a valuable tool for surveillance in dengue control campaigns. Relative populations of gravid Ae. aegypti can be measured. This information can be used to assess the efÞcacy of vector control and may serve as an index of dengue transmission risk. Collections during the outbreak at Parramatta Park indicated that more than two female Ae. Aegypti per trap per week were associated with intense transmission, whereas less than one female per trap per week represented a decline in dengue transmission. The occurrence of sporadic transmission in late April in association with low catch rates suggests further depression of Ae. aegypti populations is needed to completely stop dengue transmission. For most of the late April cases, a small number of breeding sites was located near each case in premises that were not inspected and treated earlier. Because large numbers of the sticky ovitraps can be produced cheaply and set in the Þeld, sticky ovitrap indices (the mean number of female Ae. Aegypti per trap per week) (SOI) may be more practical to obtain than other Ae. aegypti indices, such as the Breteau Index (BI), House Index (HI) (Service 1993) , and Pupal Index (Focks and Chadee 1997) , which require laborious container surveys and may not include cryptic breeding sites such as roof gutters (Montgomery and Ritchie 2002) . Furthermore, the BI and HI may not reßect the population of adult female Ae. aegypti in the area, whereas the SOI measures the abundance of gravid females, which may be more likely to represent the risk of virus transmission. However, further studies are needed to establish the relationship of sticky ovitrap collections to absolute abundance of adult Ae. aegypti, along with potential sources of bias such as trap placement and the availability of alternative ovipositional sites.
Finally, mosquitoes collected with the sticky ovitrap can be processed for arbovirus infection. Because the mosquitoes may have been dead for several days, PCR methods are preferred for the detection of viral RNA because they are rapid and are likely to be more sensitive than cell culture-based virus isolation methods. Furthermore, because sticky ovitrap collections consist primarily of gravid females, the MIR is not directly comparable with results from methods that collect nongravid females, such as aspirator and human biting collections. Chiang and Reeves (1962) .
